Critical roles of conserved carboxylic acid residues in pigeon cytosolic NADP+-dependent malic enzyme.
Malic enzyme catalyses the reduction of NADP+ to NADPH and the decarboxylation of L-malate to pyruvate through a general acid/base mechanism. Previous kinetic and structural studies differ in their interpretation of the amino acids responsible for the general acid/base mechanism. To resolve this discrepancy, we used site-directed mutagenesis and kinetic analysis to study four conserved carboxylic amino acids. With the D257A mutant, the Km for Mn2+ and the kcat decreased relative to those of the wild-type by sevenfold and 28-fold, respectively. With the E234A mutant, the Km for Mg2+ and L-malate increased relative to those of the wild-type by 87-fold and 49-fold, respectively, and the kcat remained unaltered, which suggests that the E234 residue plays a critical role in bivalent metal ion binding. The kcat for the D235A and D258A mutants decreased relative to that of the wild-type by 7800-fold and 5200-fold, respectively, for the overall reaction, by 800-fold and 570-fold, respectively, for the pyruvate reduction partial reaction, and by 371-fold and 151-fold, respectively, for the oxaloacetate decarboxylation. The activities of the overall reaction and the pyruvate reduction partial reaction of the D258A mutant were rescued by the presence of 50 mM sodium azide. In contrast, small free acids did not have a rescue effect on the activities of the E234A, D235A, and D257A mutants. These data suggest that D258 may act as a general base to extract the hydrogen of the C2 hydroxy group of L-malate with the aid of D235-chelated Mn2+ to polarize the hydroxyl group.